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C: 0.003-0. 005%, Mn:0.03~0.2%, S: 0.003-0. 025%, Al :0. 01-0. 08%, N:0.004%<^1-, PrO.O^H^, 
Cu:0.005~0.2%, Cr:0.2~1.2%, <#7] Mn, Cu, S7> t^g-iS] S^i Mn+Cu<0.3, 0.5*(Mn+Cu)/S:2-20 
» ^^>J1, i+^xl Fe ^ 71 l^l-s^ S^^M, ^^37l7> 0.2^1^ 

£ 1 

^^r%, ^i^sh 2*>7>^-#| ^ , ^iflol^ (Mn,Cu)S 
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^ 0 RM3°1 ^^2)-^ ^^7^34 *llS^ {BAKE-HARDENABLE COLD 

ROLLED HAVING LESS ANISOTROPY AND HIGH STRENGTH, PROCESS FOR PRODUCING THE SAME} 

^ l^r ^##^1 3.7] °\) tx}-^. ji-g.^^ uj-Eftfl^ nsflso]^, 

3E 2^ v^^£6fl rtj-s. 3.71 # i^-EKim ^.eflHolrf. 



<3> .M. Tdl-Tri^; 
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^^s)-^ ^<£#^M^r ^hi-g-T-fl <?1 Al-KillecP<M- ^(Interstitial Free Steel H 

■#^^91 Al-Killed^ ^^-^m <&<q jl-%-t£±7} $X°] ^Jf^SHH^ 

Sr ±.3fx\z\3L 10~20Mpa ^^^^7}^. ^-^^^ ±jf.^3f. 

IF^ ^-Mfe Ti, Nb-ir ^7}S}<*\ 7^o\) jl-g-^ ^ SE^- 41:31*1 4J#«H 

7 ^i, °1 IF#afl dt-f^SHr^-i: Jf<*|t!r i^-^sl-^ IF7j-c]cf. £. 
^sHl IF#£ Ti Nb^l ^7>^3)- ^7>^ *f|<H*H 7j-^ofl 

■2.-§-*>7l ^7>s)^ Iti^ ^ o>q^ ( ^7>E|^ Ti SE^ Nb^l <£^r Ti, 

Nb4 wH-^H sfr t ^^o) oj^ v yo_ ^ ^°)d]]*\ y^o]^ §flo>§>^.s 

^^"51 #^^7> <H^-f^, ^J-S-til-g-S. i£e>] oluf. 



-g- ^^^r Ti, Nb# ^ 7}§>^1 ^Jl^i ^##^1 jOL-g-^Hk^ Z\]o]g_ -^Jf^m 

El], OIU)-. 

-^71 ^* r 7l ^ ^<g#^, C: 0.003-0. 005%, 
Mn:0.03~0.2%, S : 0 . 003-0 . 025% , Al : 0.01-0. 08%, N:0.004%o| P:0.015%°1^1-, Cu: 0.005-0. 2%, 
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Cr: 0.2-1. 2%, Mn, Cu, S7> ^ Mn+Cu<0.3, 0.5*(Mn+Cu)/S:2-20» ^^Kn., t+ 

^^1 Fe ^ 7]Bl- #7>5£|^ S^S]H, ^^3.7}7\ 0 .2fM 0 )^}S. °]^$.^. 



^"^H MnS, CuS, (Mn,Cu)S^l ^ , ^##^] ^-S^tt 

10 6 7fl oj^T-ol^l, cf. ^-7] 0.5*(Mn+Cu)/S:2-7^] ^-SHHtt ^##^rfe ^ ^7>th=h 

iE^-, ^- ^k*$£\ ^^1^ C : 0 . 003-0 . 005% , Mn:0. 03-0.2%, 

S : 0 . 003-0 . 025% , Al :0. 01-0. 08%, N:0.004%°1^}, P:0.015%^^-, Cu:0.005~0.2%, Cr:0.2~1.2%, 
%7) Mn, Cu, S7> t)r&4] Mn+Cu<0.3, 0.5*(Mn+Cu)/S:2-20» ^^l, Fe ^ 7l 

-i:7>s]t!: lr^#S S^tt 1100°C°KT-£| ^7}^^ ^ n}^-^ ^-o^^-g. Ar3 

l^Bfl^ o^T-o.^. ^ <t^><y-<a^>Jl SOO'C/miiH^ ^£5. ^^fJl 700 °C °) ^ £r£°i|>| 

50~90%£] <^b§:5. ^Zt <£<$_-&}51, 500-900°C ^^HH ^^^i^>^ $-jr 



<12> o^, M. ig-Tg-g. ^-af) ^g^rf. 

<13> M. ^^]-#^ Cr^7> JITj-i ^^j-^ Ti, Nb* ^7}t5>X| ^Jf^s)-^ S.^ 

^-7j-£7> 3.7fl -f^Sfe^ , o]^ ti}a^ MnS, CuS, (Mn,Cu)S^) 4i^^s)-^3z]- t£i^ 
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<14> 



H wj-sf C r^7> 517^5. ^<£#^H MnS, CuS, (Mn,Cu)S^ ^##<>j 



<15> 



o)<% xfl^g- ^.^H MnS, CuS, (Mn,Cu)S# *Hl^-7fl ^-J£X|7]^ 1J-«?H1 

tfl^H <£^}t1] ^- ^^h (1) Mn^ ^ 0.03-0.2%, S^ 0.003-0.025%, Cu^l i g 

^ 0. 005-0. 2%5. ts}t&*\ #7] Mn, Cu, S^ tf^-cq ^ Mn+Cu<0.3, 

0.5*(Mn+Cu)/S:2-20* Sll^b s^^tt) ; (2) o]<4 ^ ^^><g-^o] jf. 



300°C/mino]^o.S. ^ MnS, CuS, (Mn.Cu)S^ ^##^1 ^3.71 7} 0.2#m<^l-S. 



^\ £ 2(a)^ 0.004%C-0.12%Mn-0.008%P-0.012%S-0.04%Al-0.0021%N-0.04%Cu-0.42%Cr<?l 
^iS 0.5*(Mn+Cu)/S:6.67<?l ^?i<y-<^^ vgz^cofl xr)-s. 3.7]# 

t!r ^2fll°14. £ 2(a)^ ^iBfl^# 0.5*(Mn+Cu)/S<20# ^-f^l tflsfl 

5L# S^^l-ig MnS, CuS, (Mn,Cu)S^ *3##<>1 ^3.7)7} 0.2^^^* ^ &^g- ^-<y 

*r Si**. 

■g- ^efl nq-eq- C: 0.003-0. 005%, Mn:0.03-0.2%, S : 0 . 003-0 . 025% , P:0.015%°1^-, 

Al: 0.01-0. 08%, N:0.004lH*h Cu : 0 . 005-0 . 2%^ ^7]H Cr: 0.2-1. 2% ^7>-g|-^ > <#7\ Mn, 
Cu, S7> cf^-^ S?i Mn+Cu<0.3, 0.5*(Mn+Cu)/S:2-20^- ^MHH ^##^1 ^^3. 
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$1^ ^°14. 



^<>\7\, ^ MnS, CuS, (Mn,Cu)S^ ^##^>1 ^-i^H Mn^h Cu^ 

MnS^- CuS^l ^*)##ol ^o^^s. n}^% -^#1-0] 4^ 0 l y c^*l 

^7> ^tflS]^ ^^ol^^l=-^ ^°\7^*\ 7}^o] 3.711 7fl^S)^ ^ 3^1 $ . ^f, 

0.5*(Mn+Cu)/S^ u]7]- 2-7^1 nfl , (Mn,Cu)S^ iLcf MnS4 CuS^l 



<20> [£. ^^^] 

<2i> ^(C)-Sl 0 . 003-0 . 005%7]- wj-HJ-aj^-t}-. 

<22> *EBi(C)^ 0.003%^1-SH ^-M-fe- ^JfW^l 3 51, 0.005%^^ ^-fc^l 



<23> ^(Mn)^ 0.03-0.2%7> wl^^tf-. 

<24> pj-^ 7^ ul-g-^-ir MnSS ^#-SH JI-g- %afl 3<l#l^(Hot shortness)^ ^1 
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-8-«fl=)°1 ^Alflcf^ •St^^MI 7l2:-&>^ Tg-^]-0| 0.03~0.2%S. *>^r ?H 

w>^s-|-cf. Pj-^-o] -^-^o] 0 . 03%*1 ^ ^cfl^ Jl-g- ^-b)]^ #=^}^r "t^o] #7] tcfl 

■S-^l 31#H d l ^S^t =r f-^o] o.2% ^^-o]]^ nj-^-o) ^-^o] ^-o> 



%(S)^1 0 . 003-0 . 025%7f w>^-3]^-rf. 

%(S)^| ^hfM 0.003%^^ ^-^-oflfe- MnS, CuS, (Mn,Cu)S ^#^1 ^ <>W5j- 
^#1:3 3.7} 7} nfl-f Stflsfl^ ^Jf^a^l ^1 ^cf. 3g-oj, o.025% 



<27> 



^^(AD^I 0.01-0.08%7l- tq-HJ-aj ^-t} . 



<28> 



±^ ^ ^-arl-^- «J-*l^>7l ^Hh}. -g-^o] 0.01%^^ ^g^l^r 



<29> 



^(N)^ 0 . 0049M S>7> H>^-a| tf-t\- . 



<30> 



23 



^R 1 "^ ^7\^\7\] ^7>S]^ -g^S 0.004%^^ ^-fofl^- ^^^o] 7-| f>}-5}B. 



0.004%^-&>7> «>^-3i^>tq-. 
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<3i> ^l(P)^ 0.015%^-&l-7> ^>cf. 

<32> o]o} -g-^ol 0.015% ^^Itt ^ ^^l-S^. 0.015%o]^l-S. 

w>^^. 



<33> 3 Jg.( Cr )o} 0>2 ~1.2%7]- 13]-^^. 



<34> =7 msi 



€^5-^1 , ^ ^H^Kr 3H|Ai iL^}^ igiflo]^ ^ 

^£ ^711 tW. 0.2%ol^-£Mo) 7 0 V£^- J3-i±^b ^ Sa^, 1.2% Sl^W ^ofl 



< 35 > ^^ (Cu )o) -g-^ 0. 005-0. 2%7> wV^-Sl-rf. 

0.2^1^ ^##^r ^^^fjl, o] ^##0} ^1^0)]^ ^^7} ^^o] JE.#i: 
^*)B} ^oflA-l -g-SflsH ^1-4^7} ^*Jr^ <£^ofl 7l^*>^ 0.005-0.2% ^7>*tcf. ^5] 
^ 0 . 005%°1 <#£\ <^ o\ v]A\]i5}7]} ^ 0.2%S2)-^ Stfl §>7H ^#§>^ ^Jf^g 



<37> 



#7} Mn^l- Cu^l ^-^r 0.3%cl§}7> h}-^^^. Mn^ Cu$) T£t°] 0.3%°1#<>1 s] 1 ^ ^##^1 
371 71- 71 *j ^y-^s)-^^- ^-^>7l ol^7l xqi^olrl- 
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-8-7] Mn, CuQ ^8=w]fe- 0.5*(Mn+Cu)/S:2~20» w>^-^§}c}-. 

Mn, Cu£} MnS, CuS, (Mn.Cu)SS o]&)^- Mn, Cu^ S 

^ 37>*M ^ ^#^-Bfl 7 > ^Jf^sH^, 2^7>^-#|^ ) ^cl^xl^, ^iflo]«J-^ 

*l*r«*f| ^tHI Mn, Cu^}- S^l %7}*] (0.5*(Mn+Cu)/S(<*]7H , 

Mn, Cu, S£| th^^r ^^%)7> 2ol^-o] -ft-J:^ ^o^]^, 20^^ ^^Ml^ 

0.5*(Mn+Cu)/S^ yl7> 2-20^1 ^##4] ^^3.7]^ 0.2fm°)^}S. ^o}*}^} , 

0.5*(Mn+Cu)/S^ «l7> 71- 71^°.^. rL ^-3^^ ^s^t}. ^r, 

0.5*(Mn+Cu)/S^ *]7} 7<^HH : b (Mn, Cu)S^ t^uf nfl-f MnS, CuS^l ^ 

^*r#^ ^^-Tfl ^o] ^-S.^ 0.5*(Mn+Cu)/S^ «l7> 7^.4 T^l^ 3.71 

x>o] 7 > ^bg-^JE Ir^-^l-Jl -g-^7} ^ (MN, Cu)S^] 4^##o] <£o] Tgo}x\7] 



rijj^ 3§ 5.371^ 0.2/im°l^-7} H>^^rf. 

^ ^-^^Ml tcfSTg MnS> CuS; (Mnj Cu)S*}##£l 3.7l7> ^^5)-^, 2^>7} 

37] 7} 0.2^ J^£] ^^Ml^r ^Jf^sHf^, 2^>7}^#1^, ^^l^^l^, ^<W^ 

^^7> ^rCf. 
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uJ-o>7>, ^-g:3HH 0.2flm°l«H ^-i^7> 4.5X10 6 7fl o^T-^ rtfl ^ 

^-0]^- t£s|-^ ^-g-^: 5Etb ^-^^H^ 0.5*(Mn+Cu)/S^ v}7} 2-7^ 

ttfl, 0 . 2jt/m°l ^ ^#1-^ ^5E^7> 2.2X10 8 7fl o^AS 3.711 7}^-^ 3.7]) 7fl*I 



MnS, CuS, (Mn,Cu)S^##^ ^^3.7]7> 0.2pm ^l^* ^^>£^ ^rf. ^#<# 



<45> [tL>t^] 

<46> ^_ it^^A)^- ^7]fb 7j-§- 7fl7><I^H 71171-l^rS^ 

1100°C<>1^M W>^-a]-g]-cf. 7%7}ti^7} 1100 °C T=»l ^ ^-Mfe 7^\7}^S.7} c^^^ 

°fl S^t!: CuS7> ^r^-srl ^"Bfl^ ^V^M t^^^lS S^tb 
°1 ^V&M tqj^o]u}-. 
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<47> 



^^^^£7} Ar 3 €^^r£ ^-^Itt 7}^o) x^>^- ^*>o}-u|2]- 



<£s§°] 3.7]} ^}7) tcH^-o]r}. 



< 48 > ^#|^ ^^J&b 300°C/min^l^^.^ ^A°] ^- 

&> 2<=0.5*(Mn+Cu)/S<20S ^^£7> 300°C/min^l ^ ^##^] ^5-3.7l7> 0.2 

Aon* s^-*Tl ^, ^^£7]- ifr^^ ^ *W *3^*H *H1*1)*1 

7l ttfl^ojtq-. 0.5*(Mn+Cu)/S7> 20^3f^l ^-f^flfe- 7} <1 ^ <^1 ^ n]-g-§fl^ 



^ 2b , 0 . 0038%C-0 . 13%Mn-0 . 012%P-0 . 006%S~0 . 05%A1 -0 . 0027%N-0 . 15%Cu-0 . 62%Cr , 
0.5*(Mn+Cu)/S=23.3). S. 29] ZLHfl£f v^z]-^£7> l;^^- 3.717]- nl^-gfl 

^lH-S. ^z|^£o] xll tb-S- ^^£7> 1000°C/minol^o]5]-£ n] 

oRl- Tl^l^l ^S-S. ^^JE^ 300-1000 °C/min7> iLtf ti>^^-cf . 



<49> [^S^] 

<50> ^71^- ^^o^ ^01]^ ^.g. ^^Bil, 700°Col^7> 

^#j^£7> 700 °C^H ^-f^l^ ^#^<>1 ^ Srfl §1-711 ^Jf^sp^ 



<5i> [^^r^^M] 
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<52> ^#<#<a£- 50-90%^ %°) v}Qz\f>}v\. . i^^s^o] 50%^}^^] 

Stfls|-S. *3 ^^t}. ^^^o] 90%^ <q ^ofl^ 

<53> [<£^-^] 

<54> <£^^- ^JE^ afl-f-^ Jfl^ ^^Kr ^t}-. M. ^oflA)^ 500-900 °C 

^ ^rS^-SHH *3^Rr wj-^^rf. ^dL^- ^r£7> 500 °C *1 ^ zH^o) 

Qo} -=-S.S. ^^it-ir i^f£7} 900°C^3i}-o) ^Jfofl^. 

■$o]t£ 7jl^ol ^:S.^tf. ^1-7)1^ oj^^-Al^ 10^-30^ ^^H^. ^ ^o]^- ; 

<55> o]^, -g- M^.g- ^Al^s- -§.§]-c*] &t\. ^^o.S. ^tb^. 

<56> [ ^ A] c£|] ] 

<57> a xo) 7 j-3z)» 7fl7>1^1-ZL ^a|^^oj^. JfL 75%£) ^ZfSQ 

lOTV^M #5.3. 750°CS 402: 7}<t^H ^}^. ±.&&& 7}A^ £A} 

^[7] -fl^) ASTMf?"^ (ASTM E-8 standard)^ ^)tb S^a]^ 7}^}$tq-. a]^^- <?] # a] ig 7l 
(INSTRON^h Model 6025)-& °l-g-SH ^.#5, <x\##s. t <£ai#, ^ 6 1 U-S *]*Hr m #), ^ 
xflo]wj-^ xl^(Ar^r) ^ *1Jl*|<HAI, Aging Index)# ^M^th <^7}*\ 
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r m =(ro+2r45+r9o)/4, Ar=(r 0 -2r45+r 9 o)/2ol t}. ^Jf ^ sj-ip^ 2 %°\ ^H^^ 7}% 



<58> 
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<60> 



a 1, 2^1 Ai AlSl~4(^#)£- ^^7l7> 0.2jUm°l*>.§>| 7J-S.7> ^O.^ 4^ 



0.5*(Mn+Cu)/S^| Wl7> 7^1 Aj^tflJ: 1-40) ^ o. yj-c ^ cflJjL -^^cfl , o]^ 
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-t-^^ 7}^-^* i^W. 0.5*(Mn+Cu)/S^l «1 ^> 7^1 ^-f ^##^] 3.7) x}°}7} 3f>g- 

#)£r ^##^1 3.717]- ?H ^7j-£7> 

<62> A] S8 ~ 10 (^5fl ^Bflo^ IF 7 0 T-0_ S ^#5.7} ^E]-, 2^>7>^#)^^ r ££ ^ 

6> ^ol <£o]ig ^o] ^rf. 

[^31 Ml 
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1] 

#^%5. C: 0.003-0. 005%, Mn: 0.03-0. 2%, S : 0 . 003-0 . 025% , Al : 0.01-0. 08ft, N:0.004%<>1*}, 
P : 0 . 015%^1 , Cu:0.005~0.2%, Cr. -0.2-1. 2%, <#7) Mn, Cu, S7> tf^g-o] 3.^ Mn+Cu<0.3, 
0.5*(Mn+Cu)/S:2-20» ^^-Jl, Fe ^ 7]Bf ^(-^^ 3^£M, 3g 

■g-37l7> 0.2/flll°l^-5. ^i^H^o] ^ ^^S)-^ -H7j-£ ^ 

[^^S- 2] 

*)1 1%H1 S^^l, #7l ^##^r MnS, CuS, (Mn,Cu)S^31, ^7) *j##^H=r 2.2X10 6 7fl 
[^H- 3] 

[^D- 4) 

^^%S C: 0.003-0. 005%, Mn:0.03~0.2%, S: 0.003-0. 025%, Al :0. 01-0. 08%, N:0.004%°l*|- f 
P:0.015%ol^} ; Cu:0.005~0.2%, Cr:0.2~1.2%, <#7] Mn, Cu, S7> t\~%-*\ ^ Mn+Cu<0.3, 
0.5*(Mn+Cu)/S:2-20«- v^*] Fe ^ 7]b)- £-7>sJ^ l-^-§-S S^B)^ Tj-^ 1100 °C 

-grSS. ^7>^^r * inpfs] Ar 3 €^^ o]^-o_ S ^ l^^^n. 300 °C 

/min°"|#^ i£ S 700 "Col^ ^E*^^ ^^*V t}-§-, 50-90%^ <^b§;S. 

•5->Jl, 500-900°C f£ ^3HH ^^^^l^ ^JfTjsj-tg ^^^J-^ 
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*fl 1%H1 9X°]*), #7) ^Q^^tt MnS, CuS, (Mn,Cu)S^l ^3.7] 7} 0,2 m 

^1§>o]ji ) A^-g.^ 2.2X10 6 7fl ^1^-^^: ^^o]^ 0 ! ^ ^^f^s)-^ 

6] 

*(l 41M1 &<*H, ^r7) 0.5*(Mn+Cu)/S:2-7<y.|- ^^-S Sfrfe- ^^o]wj-^ol ^w.^ 
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